In the field of geophysics, often a sharp distinction is made between the subfields of fundamental geophysics, focusing on understanding natural and physical phenomena on various spatial scales, and exploration geophysics, focusing on applications for industry and society. This sharp line, however, does not need to be drawn. These subfields are based on the same physical principles, use (to a large extent) similar or identical data acquisition techniques, increasingly rely on a common set of tools for data interpretation, and often investigate overlapping spatial scales.
Without doubt, researchers and practicing geophysicists have greatly benefitted from methodological and technological advances made in both subfields, as well as from a shared conceptual understanding of Earth's subsurface. For example, both seismology and seismics make use of noise correlations and tomography, full-waveform inversion, advanced subsurface imaging, and source localization and characterization methodologies. Advances in rock physics in the laboratory are valuable for studying both microcrack systems in hydrocarbon reservoirs and large-scale tectonic fault zones. Additionally, crustal scale and reservoir scale stress-mechanical principles are connected. Electromagnetic methods can study the subsurface at various depths, from the critical zone to the mantle, making technical developments in data processing, modeling and inversion of broad value to both fundamental and exploration geophysicists. Moreover, a better understanding of the shallow Earth, obtained through various geophysical techniques, can shed light on fundamental processes in the deep Earth, and vice versa.
Clearly, progress will be greatest if we study the Earth system as a whole.
The field of geophysics is itself comprised of specializations such as seismology, electromagnetics, and rock physics. Collaborations between and integration across those specializations has undoubtedly proven key to successfully studying the Earth. Multidisciplinary collaborations are now commonplace in both industry and academia, and joint-inversion studies are proliferating. Yet our community remains segmented between groups with either a fundamental or an exploration geophysics focus. This is reflected in many ways, for example: the two communities often publish in, and read, different scientific journals. This compartmentalization is further enforced by the scientific conferences that the two groups of geophysicists typically attend. One of the main goals of a scientific conference is to connect researchers and stimulate collaborations based on their latest discoveries. Often, the two groups of geophysicists function in parallel scientifically, largely unaware of each other's existence, creativity, and accomplishments. This illogical and artificial separation between fundamental and exploration geophysicists impedes knowledge transfer and scientific and technological advancement for all of us.
With this special section, we aim to proactively bring both communities together. We aspire to stimulate active collaborations and increase awareness amongst all geophysicists. The section features six contributions showcasing shared advances in exploration and fundamental geophysics across spatial scales and geophysical specializations. Each contribution demonstrates the added value of having an active awareness and open mindset and attitude toward research developments and discoveries in the geophysics community at-large.
Schmelzbach et al. examine the potential of collocated translational and rotational (6C) measurements in global seismology using high-sensitivity, observatory-based ring laser technology. With the recent availability of portable 6C instruments, widespread applications of 6C techniques to exploration problems are in sight; potential applications of 6C data include linking rotational motion to S-waves and surface waves, local-slowness estimation, wavefield reconstruction and separation, and extracting near-receiver material properties.
Da Silva et al. model both intrinsic and scattering attenuation of cross-well seismic data acquired in the Michigan Basin and show that scattering attenuation is an order of magnitude larger than its intrinsic counterpart, which reflects the highly heterogeneous nature of the reservoir rock matrix. The authors conclude that scattering attenuation is of paramount importance in analyzing attenuation of cross-well seismic data.
Averbuch et al. build on the advances in seismology and seismoacoustics to develop a statistical framework for the use of image processing techniques to extract low signal-to-noise ratio events from infrasound array data. The authors test the method on synthetic and recorded infrasound data from glaciers and demonstrate its increased automatic detection capability.
Dentith et al. point out the importance of using geographically widespread data sets and deep-penetrating geophysical methods for mapping the various components relevant for mineral prospectivity assessment. Two case studies from Western Australia illustrate the use of deep-penetrating geophysical methods in mineral exploration, and the authors find that passive seismic and magnetotelluric methods represent a comparatively cost-effective way to augment the identification of key mineral systems even in geologically complex terrains.
Fu and Fu describe the effect of pore pressure and compliant pores on elastic wave velocities of rocks by incorporating a dualporosity model into the theory of poroacoustoelasticity. This model accounts for both linear and nonlinear elastic deformation in the presence of stiff and compliant pores; it is applied to model ultrasonic measurements obtained under different differential pressures for a saturated sandstone sample.
Sun et al. present governing equations for wave propagation in a porous medium that contains fluid/solid heterogeneities in the form of ellipsoidal patches. The authors pay particular attention to the dependence of wave attenuation and velocity on patch geometry.
